Abstract: Assess the effect that BAT (Bilateral Arm Training) produces on the upper limb motor control in patients with chronic brain injury assessed by the Wolf Motor Function Test (WMFT). Assess if there is a statistically significant correlation between motor control improvement and disability perceived by the Quick Dash questionnaire application. A quasi-experimental study with pre-post treatment measures during three months was performed in a sample of twelve patients with chronic brain injury. Patients received twelve sessions of forty-five minutes from bilateral training with a frequency of three times per week. WMFT and QD were used for the procedure assessment. Outcomes were statistically analyzed by the SPSS v 17.0 software. The study was executed at Polibea. Study´s inclusion criteria were as follows: no serious cognitive deficits, one or both upper limb´s control motor affected, attend to Polibea two times per week and no sensitive aphasia.
INTRODUCTION
About 70% -80% of patients who have suffered brain damage present alterations in motor control of the upper extremity (UE). Some of them will be unable to use their affected arm in daily life activities. It is estimated that between 25% and 53% of patients at six months after suffering a stroke, present levels of functional dependence to perform some activities of their daily life [1] [2] .
Stroke survivors are often left with hemiplegia or hemiparesis of the UE that makes functioning in their daily life environment extremely challenging. The disruptions caused to motor control of the UE by acquired brain injury are persistent despite usual treatment, and thus, novel intervention techniques are demanded. Among the approaches advocated for brain injury motor rehabilitation, Bilateral Arm Training (BAT) has received considerable attention. BAT is based on motor learning principles, including repetition, feedback and goal setting with the aim of overcoming learning nonuse and relative inactivity, but also includes use of non-paretic arm as a fundamental component of the training based on inter-limb coupling theory where the 2 arms act to form a "neuro-functional" unit [3] [4] [5] [6] [7] [8] [9] . Mudie [10] described BAT as: "simultaneous bilateral training that involves the execution of identical activities with both arms simultaneously but independently". *Address correspondence to this author at the Centro de Atención Integral a Personas Con Daño Cerebral Polibea, Madrid, Spain; Tel/Fax: 0034916890790; E-mail: patriciarmec@gmail.com Beneficial effects of BAT are assumed to arise from an inter-limb coupling effect, in which movement of the non-paretic arm facilitates movements in the impaired limb. Bilateral practice of synchronous movements with the paretic and non-paretic limbs allows activation of the intact hemisphere to facilitate activation of the damaged hemisphere through enhanced interhemispheric inhibition.
Symmetrical bilateral movements activate similar neural networks in both hemispheres when homologous muscle groups are simultaneously activated. Bilateral symmetrical movements therefore, may allow for the activation of the undamaged hemisphere, thus promoting neural plasticity to increase activation of the damaged hemisphere and facilitate movement control of the impaired limb [8] . After acquired brain injury have shown alterations to the inter-hemispheric inhibitory capacity and difficulties affecting the implementation of the motor control that prevent the functional use of the upper extremity.
Most activities of daily living are performed involving the use of both upper extremities (dressing, feeding, grooming, make a bed, etc), although some of these activities during implementation are carried out unilaterally which largely depends on related factors such as: characteristics of the object, this position in space, where the task context and the subject's ability to perform it occurs, among others.
The most difficult motor control activities are performed by the dominant upper extremity, while the simplest are performed by any limb. There are different types of bilateral activities: bilateral symmetrical activities, contrary bilateral activities, and bilateral supplementary activities [11] [12] [13] [14] [15] .
This technique involves active patient participation for finding solutions related to the improvement of motor control, as well as proper design of therapeutic activities tailored to the sensory and motor characteristics of the patient in order to stimulate motor learning and functionality.
PARTICIPANTS AND METHOD

Design
A quasi-experimental study with pre-post treatment measures was performed between February to May of 2013.
A total of twelve hemi-paretic patients received twelve sessions of forty-five minutes of BAT three times per week during three months.
Participants' characteristics are summarized in Table 1 . The study was executed at Polibea. Study´s inclusion criteria were as follows: no serious cognitive deficits (evaluated by neuropsychology department), one or both upper limb´s control motor affected, attend to Polibea two times per week and no sensitive aphasia.
All participants authorized their collaboration by signing an informed consent where the procedure and methodology of the sessions was explained.
Functional Assessment/Instruments and Measures
The methods used to quantify the results obtained with the upper limb were Wolf Motor Function Test and QuickDash.
The WMFT is a function-based motor assessment of 17 tasks, including 15 timed and functional ability tasks and 2 strength tasks. The WMFT has established high reliability and validity in brain injury patients. This test was designed to assess the motor ability of patients with moderate to severe upper extremity motor deficits. The WMFT has been found to be useful for the characterizing the motor status of chronic patients from a population of higher functioning individuals with stroke and traumatic brain injury, in terms of severity and upper extremity motor deficit.
The QuickDash is scored in two components: the disability/symptom section (11 items, scored 1-5) and the optional high performance sport/music or work modules (four items, scored 1-5), the items measure Twelve sessions of BAT were performed getting pre and post treatment results in order to identify changes in the upper arm function and patient´s perception of his own disability.
Intervention/ Interference
An individualized activities program was designed based on the outcomes obtained in the pre-treatment evaluation. This program was modified as patients managed specific targets according to the motor control trained improvement.
In general, activities are classified into: symmetrical tasks, where both upper extremities perform same target at the same time, contrary tasks, in which the movements are the same but requested performed antagonistically in the direction of movement, whether they be simultaneously or one after the other, and complementary tasks, where motor action of one limb is needed for the motor performance of the other.
The materials used were everyday items of different types such as towels, cubes of different sizes, lentils, marbles, beach sand, fabrics of different sizes and textures, balls, pins, cups, spoons, clothespins and therapeutic putty, among others, and in general any object that would stimulate the target movement for improvement of motor control.
Statistical Analysis
In order to identify the effects of treatment on the motor control were carried out parametric methods for comparing two measurements, Student t test for related samples. The Pearson correlation coefficient was used to study relationships between WMFT and QD. The analysis of the results was performed using the statistical analysis program SPSS version 17.0, taking a confidence interval of 95%. All data met the criteria of normality, so that, the analysis was performed using statistical parametric. A value of p <0.05 was considered statistically significant.
RESULTS
The data obtained after the intervention is done indicate the existence of a number of changes in the selected variables. The results of WMFT ( Table 2 ) using the t-student test and considering the scores of the right upper extremity (ScoreR1-ScoreR2) and the left upper extremity (ScoreL1-ScoreL2) before and after the treatment reveal statistically significant data to both limbs (p = 0´006), indicating the existence of motor control improvement after intervention ( Table 3 ).
The analysis of the scores obtained in the QD before and after intervention ( Table 4) does not show statistically significant results (p = 0´73), which indicates that the perception of the patient's disability was not changed after treatment (Table 5) . However, it is important to note that on average patients experienced improvement related to the degree of perceived disability ( Table 6 ). The Pearson correlation coefficient (Table 7 ) relating the QD and WMFT scores before and after treatment shows decreasing rate, that is to say, the higher is the score on motor scale the lower is the score on the questionnaire (Figure 1) . This fact could mean that the greater the degree of recovery of motor control is the best degree of perceived disability by patients who have received treatment.
DISCUSSION
The results of our study and clinical observations reflected in other research show that offering the patient the ability to move and have a greater awareness and knowledge of their paretic limb, can improve motor control of the affected extremity, fact which is particularly relevant when dealing with chronic patients [16] .
Although studies on effectiveness of rehabilitation of the upper limb in patients who have suffered an acquired brain injury have not demonstrated the superiority of one technique versus another to achieve a significant improvement in the degree of functionality [10, 11, [16] [17] [18] [19] , there are other authors who suggest that individuals with different levels of severity could benefit from bilateral upper extremity training. In cases of severe hemiparesis, where despite having not reached a clear and effective recovery, with functional objectives for the upper extremity, the fact of carrying out a treatment plan that values the potentials related to motor control of the upper extremity, and based on the bilateral training as a technique can help to achieve an improvement in the movement, greater involvement and functionality of the paretic limb in daily life [16] .
Generally the subjects in our study evidenced two different patterns of motor behavior, on one hand those who could include their hand on the implementation of activities, and secondly, patients who had greater difficulty for hand motor control and had no capacity for active grip. So, for those patients who could use their paretic hand themselves in WMFT test (subtest related with spin cards, place a tower, take a pen or paperclip), during the reassessment, were observed changes that showed improvements in the quality and speed of movement, and other patients were able to use their hand despite not get to meet the motor planned target, reflecting quantitative improvements in the use of the upper limb. By contrast, in patients who could not include the hand paretic in the evaluation, nor in the processing activities, during treatment was observed an improvement of motor control of different joint segments, less tremor and increased participation for trained muscle groups while performing activities.
These variables related to the quality and the use of the upper limb while performing unilateral and bilateral activities have been extensively studied in previous research. Van der Lee et al. [20] found in a sample of sixty-six patients with chronic stroke that either forced use of the upper extremity and bilateral training produce changes in the amount and quality of the upper limb movement measured by the scales Motor Activity Log (amount of use) and Motor Activity Log (quality of movement). These results revealed statistically significant differences in favor of the patient group that received forced use training of paretic upper extremity. In our study, the difference between the previous situation (lack of use) and bilateral training (increased use) could justify this fact.
At the beginning of the treatment some patients experienced moderate difficulties that decreased with the learning effect occurred during the execution of the activity. Subsequently motor control degrade when fatigue appeared, hence, the amount of practice was adapted to the individual needs of the study subjects in terms of three parameters related to the number of repetitions, five, ten or fifteen repetitions.
Qualitatively, in patients (cases 3, 6, 8, 11) who had previously shown some mobility in the upper limb but whose use was minimal or it could improve for the basic daily life activities, it was observed that after treatment the participation of their affected hand was higher but difficulties still persisted. Being chronic patients, this fact may be related with the phenomenon of "learned no use", which, based on a behavior modification process following the introduction of the injury in the central nervous system could mask a higher motor performance than the actual present.
Most patients when suffering injuries affecting the upper extremity end up using the most functional limb due to the continuous production of a negative feeling when using the paretic hand that may involve pain, increased effort, clumsiness, or negative emotional connotations when trying to carry out the activities This fact makes the good hand finally be the only option available after neurological injury. As in previous research [5] the subjects of our study, may have higher motor capacity than that measured in the initial evaluation if they exhibit "learned no use" which would explain an improvement when receiving enough practice by performing activities specifically designed for the motor control recovery. These activities involve the use of both limbs followed by positive reinforcement for achieving the targets of the treatment.
Another important aspect that has been observed during this research is that more than half of the patients improved their behavioral adherence along sessions showing higher involvement and motivation than in the initial evaluation. Clinical observation and patients` statements about motor training highlight this fact (cases 1, 2, 3, 5, 6, 7 8, 10 y 12). According to Lin et al. [21] this could be related to greater motivation for participation in activities aimed at therapeutic purposes which would increase the level of involvement of the patient on their recovery process.
The interpretation of the QD data shows different results, having patients whose perception of disability rating was better (cases 1, 3, 7, 8, 9, 11 and 12), against others whose scores after the intervention has been worse, i.e., their perception of disability had increased (cases 2, 4, 5, 6 and 10). There are no previous studies in patients with chronic hemiparesis in this sense that have been used QD test or valued through other instruments the degree of perceived disability. Existing research has focused on severe patients, which takes into account the emotional wellbeing and life quality [22] concluding that there is moderate evidence that bilateral training is not more effective than other treatments to improve emotional wellbeing assessed by the Hospital Anxiety and Depression Scale. In our study, we believe that encouraging greater awareness and better defined motor control difficulties by performing activities that previously the subject did not perform could contribute to the interpretation of data obtained. Thus, those patients who started from a better motor condition than they estimated it stands to reason that once treatment is over can experience more realistically motor possibilities of the upper extremity thereby decreasing the degree of perceived disability. However, those patients that treatment might have allowed them to better understand their limitations could have a negative effect on the perceived degree of disability.
STUDY LIMITATIONS AND RECOMMENDATIONS
Conducting this investigation there are several methodological difficulties to consider. The lack of a control group to compare the bilateral training would improve the interpretation of the effect that this technique might have on the motor control recovery of the upper extremity. Furthermore, the sample size (n = 12) is small, making it difficult any generalization of the data.
Consider increasing the sample size and add a control group that enables randomization of groups to gain methodological quality and be able to more effectively interpret the data.
The search for a scale to assess and adapt in the best way possible to the wide spectrum of motor features of study patients is difficult, because on one hand a group of patients for some activities had a high degree of complexity (digital grip) while others require minimal difficulty. The great heterogeneity in relation to motor control experienced by patients with acquired brain injury and their evolution throughout the rehabilitation process influenced by multiple factors makes complex the process of selecting sample subjects. Given these characteristics, in future research it would be useful to introduce measures that assess the quality and quantity of upper extremity motor control, as well as assessments of the degree of independence in performing daily life activities.
CONCLUSIONS
The results of the study indicate that there is an improvement in the paretic limb motor control after application of bilateral training. Nevertheless, this aspect is not related to the degree of disability perceived by patients after intervention.
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